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TAME, Nα-p-tosyl-L-arginine methyl ester, N-对甲苯磺酰基-L-精氨酸甲酯 
Suc-Phe-pNA, N-Succinyl-L-phenylalanine p-nitroanilide, N-琥珀酰-L-苯丙氨酸对
硝基苯胺 
TCA, trichloroacetic acid, 三氯乙酸 
PMSF, phenylmethanesulfonyl fluoride, 苯甲基磺酰氟 
TLCK, N-p-tosyl-L-lysine chloromethyl ketone, N-对甲基磺酰基-L-赖氨酸氯甲基
甲酮 
TPCK, N-tosyl-L-phenylalanine chloromethyl ketone, 对甲基磺酰基-L-苯丙氨酸
氯甲基甲酮 
EDTA, ethylene diamine tetraacetie acid, 乙二胺四乙酸 
Km, the Michaelis-Menten constant, 米氏常数 
Vmax, maximum velocity, 大反应速度 
KI, inhibition, 抑制常数 
IC50, the inhibitor concentrations leading to 50% activity lost, 半抑制浓度 
SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis, 十二烷基
磺酸钠聚丙烯酰胺凝胶电泳 
Native-PAGE, polyacrylamide gel electrophoresis, 聚丙烯酰胺凝胶电泳 
IEF-PAGE, isoelectric focusing polyacrylamide gel electrophoresis, 聚丙烯酰胺等
电聚焦电泳 
pI, isoelectric point, 等电点 
BrAc, bromo acetic acid, 溴代乙酸 
DTT, dithiothreitol, 二巯基苏糖醇 
ME, β-Mercaptoethanol, β-巯基乙醇 
TNBS, trinitrobenzene sulfonic acid, 三硝基苯磺酸 
EDC,1-ethyl-3-(3-dimethyllaminopropyl) carbodiimide hydrochloride, 碳化二亚胺 
NBS, N-bromobutanimide, 溴代丁二酰亚胺 
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离，Sephacryl S-200 分子筛柱层析和 DEAE-sephacel 或 DEAE-32 阴离子交换柱
层析，分别从肠和肝胰脏中分离纯化了胰蛋白酶和胰凝乳蛋白酶。SDS-PAGE 和
Native-PAGE 结果显示胰蛋白酶和胰凝乳蛋白酶均得到了高度纯化，分子量分别
为 22 KDa 和 26 KDa。丝氨酸蛋白酶抑制剂苯甲基磺酰氟(PMSF)和胰蛋白酶抑
制剂 N-对甲基磺酰基-L-赖氨酸氯甲基甲酮(TLCK)对胰蛋白酶有较强的抑制剂
作用，PMSF 和胰凝乳蛋白酶抑制剂对甲基磺酰基-L-苯丙氨酸氯甲基甲酮(TPCK)
对胰凝乳蛋白酶有很强的抑制效果，胰凝乳蛋白酶的等电点 pI 约为 6.2。研究表
明，胰蛋白酶和胰凝乳蛋白酶的 适 pH 分别为 pH 9.0 和 pH 8.0， 适温度分别
为 60℃和 50℃。胰蛋白酶在 pH 7.0-13.0，温度小于 55℃环境下活性较稳定，胰
凝乳蛋白酶在 pH 7.5-13.0，温度小于 50℃环境下活性相对稳定。胰蛋白酶水解
酪蛋白的 Km和 Vmax 分别为 0.46 mg/mL 和 2.2 μg/(mL·min)，而胰凝乳蛋白酶水
解酪蛋白的 Km和 Vmax 则分别为 0.51 mg/mL 和 2.5 μg/(mL·min)。胰蛋白酶水解
底物N-对甲苯磺酰基-L-精氨酸甲酯(TAME)的Km和 Vmax分别为 0.044 mmol/L 和
0.1 μmol/(L·min)，而胰凝乳蛋白酶水解 N-琥珀酰 -L-苯丙氨酸对硝基苯胺
(Suc-Phe-pNA)的 Km和 Vmax，为 2.2 mmol/L 和 7.5×10-3 μmol/(L·min)。 
研究金属离子对两种酶的影响表明：Li+、Na+、K+、Mg2+ 和 Ba2+对胰蛋白
酶活力几乎没有影响，Ca2+有轻微激活作用，而 Co2+、Mn2+、Zn2+、Cu2+、Al3+、
Fe3+、Cd2+ 和 Pb2+有不同程度的抑制作用，Al3+和 Fe3+ 对胰蛋白酶的抑制类型表
现为非竞争性类型，抑制常数 KI 分别为 1.01 mmol/L 和 0.59 mmol/L；Li+、Na+、
















的抑制作用，Al3+ 和 Cu2+ 对胰凝乳蛋白酶的抑制类型均表现为非竞争性类型，
抑制常数 KI分别为 1.5 mmol/L 和 0.5 mmol/L。化学修饰研究结果表明：组氨酸
的咪唑基、精氨酸残基、色氨酸的吲哚基、丝氨酸残基、赖氨酸的 ε-氨基和二硫
键是胰蛋白酶的活性功能基团，而半胱氨酸的巯基不是该酶活性中心必需的，
BrAc 对胰蛋白酶活力的抑制表现为非竞争性抑制类型，KI为 13.7 mmol/L；组氨
酸的咪唑基、酸性氨基酸的侧链羧基、丝氨酸残基和和二硫键是胰凝乳蛋白酶的
活性必需基团，而巯基、精氨酸残基和氨基不是该酶的功能基团，DTT 对胰凝















































Tilapia is an important species of freshwater aquaculture in China, and is the one 
kind of farmed fish in world. China has been to the largest Tilapia producing and 
exporting country. During processing, the Tilapia fishery industry in China produces 
large quantities of waste, the tilapia viscera of the byproduct can be used to produce 
protease. Trypsin (EC 3.4.21.4) and Chymotrypsin (EC 3.4.21.1) are two members of 
the large family of serine proteinase and are very important digestive enzymes in fish. 
This tissue we used the Tilapia of fresh water to study the purification and 
characterization of Trypsin and Chymotrypsin from the viscera of Tilpia, and fill the 
research gaps in this area.  
Tilapia was purchased from the local market at Xiamen City, we used following 
techniques: acetone precipitation, extraction, ammonium sulfate fractionation, 
Sephacryl S-200 gel filtration, and DEAE-sephacel or DEAE-32  lion exchange 
chromatography to purify Trypsin and Chymotrypsin from the intestine and 
hepatopancreas of the Tilpia, respectively. Purified trypsin and chymotrypsin revealed 
single bands on SDS-PAGE and Native-PAGE, the molecular weighs of trypsin and 
chymotrypsin were 22 KDa and 26 KDa. Serine protease inhibitor PMSF and specific 
trypsin inhibitor TLCK could strongly inhibit the activity of our trypsin, while, the 
serine protease inhibitor PMSF and specific chymotrypsin inhibitor TPCK could 
influence the activity of our chymotrypsin, intensively. The isoelectric point (pI) of 
the chymotrypsin was 6.2. Trypsin and chymotrypsin exhibited maximal activity at 60
℃ and 50℃, respectively, and optimum pHs were 9.0 and 8.0. Trypsin was stable 
over abroad pH range from 7.0 to 13.0, and the enzyme was in active at temperatures 
above 55℃, the chymotrypsin was stable up to 50℃ and in the pH range from 7.5 to 
13.0. The Km and Vmax of trypsin were 0.46 mg/mL and 2.2 μg/(mL·min), and the Km 
and Vmax of chymotrypsin were 0.51 mg/mL and 2.5 μg/(mL·min) using casein as 
substrate, respectively. The Km and Vmax of trypsin were 0.044 mmol/L and 0.1 















mmol/L and 7.5×10-3 μmol/(L·min) when use the Suc-Phe-pNA as substrate. 
The effects of several metal ions on the two enzymes activity had been studied. 
The results show that: Li+、Na+、K+、Mg2+ and Ba2+ had no effects on the activity of the 
trypsin, and the enzyme was slightly activated by Ca2+ but inactivated by Co2+、Mn2+、
Zn2+、Cu2+、Al3+、Fe3+、Cd2+ and Pb2+ to different degrees. The inhibition of Al3+ and 
Fe3+ to the trypsin was non-competitive inhibition type, the inhibition constant (KI) 
were 1.01 mmol/L and 0.59 mmol/L, separately. The ions Li+、Na+、K+、Ba2+ and Cd2+ 
had little effect on the chymotrypsin, Ca2+、Mg2+、Mn2+ and Co2+ could promote its 
activity, yet, the chymotrypsin was inhibited by Zn2+、Cu2+、Al3+ and Pb2+. Similarly, 
the inhibition of Al3+ and Cu2+ to the chymotrypsin was non-competitive inhibition 
type, the KI were 1.5 mmol/L and 0.59 mmol/L, respectively. The characters of 
functional groups of the two enzymes active site had been studied. The result showed 
that: the residues of histidine, arginine, tryptophan, serine, disulfide bond and ε-amino 
of lysine were essential for the trypsin catalytic activity, and the cysteine thiol was not 
essential for the enzyme activity. The inhibition of BrAc to the trypsin was 
non-competitive inhibition type, the KI was 13.7 mmol/L; The residue of histidine, 
carboxyl, the residue of serine and disulfide bond were necessary for the 
chymotrypsin activity, while the SH, the residue of arginine and ε-amino were not 
necessary for the enzyme activity, the inactivation of DTT to the chymotrypsin was 
non- reversible reaction. By analysis of N-terminal sequence of  the trypsin, we get 
the front 14 amino acid sequence of N-terminal from the trypsin. 
 



















1.1.1 罗非鱼特点  
罗非鱼 (Tilapia)，俗称非洲鲫鱼，隶属于鲈形目、鲈形亚目、丽鱼科





罗非鱼耐低氧能力很强，窒息点为 0.07－0.23 mg/L，水中溶氧 1.6 mg/L 时，
罗非鱼仍能生活和繁殖，水中溶氧 3 mg/L 以上时，生长不受影响。罗非鱼
的生存温度范围为 15－35℃，当水温低于 15℃时，罗非鱼处于休眠状态。
罗非鱼 高临界温度约 40℃－41℃， 适宜生长温度为 28℃－32℃，罗非
鱼繁殖温度在 20℃以上[1-4]。罗非鱼性成熟早，产卵周期短，口腔孵育幼鱼，
繁殖条件要求不高，大水面积静止水体内自然繁殖。罗非鱼六个月即达性




























经测定，每 100 g 肉中含蛋白质 20.5 g，脂肪 6.93 g，热量 148 Kcal，钙 70 
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